We have performed a systematic study on the occurrence of superconductivity in Nb 1−x Mg x B 2 (0.0 ≤ x ≤ 0.40). X-ray diffraction and magnetization measurements are carried out to determine the changes in lattice parameters, superconducting transition temperature (T c ) and critical field (H c1 ). The substitution of Mg at Nb site results in considerable stretching of c-parameter with only a slight change in a parameter. Rietveld analysis on X-ray diffraction patterns gives a = 3.11 Å and c = 3.26 Å for pure 
Introduction
The discovery of superconductivity in MgB 2 [1] has put an impetus in search for analogous behavior in similar systems. Although the most similar candidates for such investigations seem to be the AlB 2 type alkali, alkaline or group III element diborides, i.e., AB 2 (A = Li, Na, Be, Al), none of them is reported to have superconductivity [2] [3] [4] . The group IVa, Va & VIIa elements (Nb, Ta, Mo, Zr and Hf) also form diborides isostructural to MgB 2 . These transition metal diborides are studied theoretically by various groups [5] [6] [7] but the reports on the experimental approach towards the synthesis and characterization of diborides other than MgB 2, are still scant. The superconducting behavior of diborides like ZrB 2 , NbB 2 , and TaB 2 has been a matter of debate for many years. ZrB 2 is reported to have superconductivity by Gasprov et al. [8] while Leyrovska and Leyrovski [9] report no superconductivity in this compound. Similar controversial reports exist on TaB 2 and NbB 2 [8] [9] [10] [11] [12] . Hulm and Mathias and others [13, 14] reported superconductivity in boron deficient alloys like NbB 1.94 . Also Cooper et al. [15] found superconductivity in Nb-deficient compositions, such as NbB 2.5 , but absence of superconductivity in stoichiometric NbB 2 . On the other hand, several reports exist on the presence of superconductivity in stoichiometric NbB 2 with different transition temperatures [16] [17] [18] [19] .
MgB 2 is a superconductor with quite high T c of 39 K. The reason behind its high T c , unlike other diborides, is its light constituents Mg and B and the stretched c-parameter. The c/a value of MgB 2 is 1.14 while for pure NbB 2 it is 1.05. The introduction of superconductivity in NbB 2 by increasing c-parameter is reported in literature [20, 21] as well as in one of our papers [22] mainly in Nb-deficient case. Keeping this key point in mind, we have synthesized Nb 1−x Mg x B 2 samples by simple solid-state reaction route at ambient pressure in order to induce an increase in c-parameter. The structural and superconducting characterization is carried out systematically for all the samples. The impact of Mg substitution at Nb site on the superconducting parameters like transition temperature (T c ) and critical field (H c1 ) is studied in detail.
Experimental
Polycrystalline bulk samples of Nb 1−x Mg x B 2 were synthesized by solid-state reaction route. The commercially available NbB 2 and MgB 2 powders were taken in stoichiometric ratios and were well mixed by continuous grinding. The uniformly mixed powders were palletized using a hydraulic press applying a pressure of 8 ton/cm 2 . The pellets were enclosed in soft iron tubes and then sealed in Quartz tube up to a vacuum of 10 −5 torr. The sealed quartz tubes were sintered at 1100 o C for 20 hours followed by natural cooling to room temperature. The heating rate was about 550 o C per hour. X-ray diffraction patterns were recorded for all the samples on Rigaku ultima Miniflex-II at room temperature. The phase purity was confirmed by Rietveld refinement on the X-ray diffraction profiles. Magnetic measurements were performed on Quantum designed SQUID magnetometer (MPMS-XL).
Results and Discussion
The X-ray diffraction patterns for the pure and Mg-substituted NbB 2 samples are shown in Fig. 1 . The characteristic peaks for pure NbB 2 sample are indexed in the figure. No impurity peak of considerable intensity is noticed. NbB 2 crystallizes in AlB 2 type hexagonal structure in the space group P6/mmm. The Mg-substituted samples are also phasepure except for a small-intensity MgO peak. A shift in the (002) peak towards the lower angle side with increasing Mg content is shown (marked with *) clearly in inset of Fig. 1 . The MgO formation in Mg-substituted samples confirms the creation of metal vacancy up to some extent in the NbB 2 lattice. In order to confirm the exact phase formation and to determine the lattice parameters precisely, the Rietveld analysis is done on all the samples. Table 1 . Both a and c parameters change monotonically with the Mg content. The parameter a decreases slightly but c-parameter undergoes a sharp increase with Mg content. c/a value also increases continuously indicating that lattice is stretched in c-direction. The monotonic changes in lattice parameters are in confirmation with the only earlier report on Nb 1−x Mg x B 2 [23] .
Magnetic susceptibility variation with temperature (M-T ) for Nb 1−x Mg x B 2 samples is shown in Fig. 3 . Pure Fig. 4(a) . The sample is slightly paramagnetic and has a magnetic hysteresis with respect to the direction of the field. Paramagnetic nature at 5 K again confirms the absence of superconductivity in this sample. Figure 4 (b) depicts the M-H curves for Mgsubstituted NbB 2 sample. As we can see in the IVth quadrant, the diamagnetic moment develops with the increasing field and reaches the maximum at a field value, H c1 , of about 465 and 520 Oe for x = 0.20 and 0.40 samples, respectively. With the further increment in the field, the diamagnetic moment begins to gradually decrease, as generally happens in Type-II superconductors. The diamagnetic signal vanishes at a field value of about 2000 Oe, i.e. the sample remains no longer superconducting with the further increase in the field. The magnitude of diamagnetic moment for Nb 0.60 Mg 0.40 B 2 sample is more than four times that of Nb 0.80 Mg 0.20 B 2 sample at its peak, which shows an improved superconductivity with increasing Mg content.
Conclusion
The impact of Mg substitution at Nb site is studied on the structural and superconducting properties of niobium diboride. Mg substitutes at Nb site up to 40%. It results into a sharp increase in c-parameter, while a slight decrease in a-parameter. This lattice stretching brings about superconductivity in niobium diboride in the same way as in NbB 2+x 
